Abstract Three experiments examined contingent attentional capture, which is the finding that cuing effects are larger when cues are perceptually similar to a target than when they are dissimilar to the target. This study also analyzed response times (RTs) in terms of the underlying distributions for valid cues and invalid cues. Specifically, an ex-Gaussian analysis and a vincentile analysis examined the influence of top-down attentional control settings on the shift and skew of RT distributions and how the shift and the skew contributed to the cuing effects in the mean RTs. The results showed that cue/ target similarity influenced the size of cuing effects. The RT distribution analyses showed that the cuing effects reflected only a shifting effect, not a skewing effect, in the RT distribution between valid cues and invalid cues. That is, top-down attentional control moderated the cuing effects in the mean RTs through distribution shifting, not distribution skewing. The results support the contingent orienting hypothesis (Folk, Remington, & Johnston, Journal of Experimental Psychology: Human Perception and Performance, 18, 1030-1044, 1992) over the attentional disengagement account (Theeuwes, Atchley, & Kramer, 2000) as an explanation for when top-down attentional settings influence the selection of salient stimuli.
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Response time distribution
How and when do top-down settings and bottom-up signals moderate the allocation of attention toward salient items? Some propose that salient items receive priority and are selected in a stimulus-driven manner (e.g., Theeuwes, 1992 Theeuwes, , 1994 Theeuwes, , 2010 Yantis, 1993 Yantis, , 2000 Yantis & Egeth, 1999) . Others propose that salient items are selected only if they are relevant to current goals (e.g., Folk, Remington, & Johnston, 1992; Folk, Remington, & Wright, 1994) . Although top-down modulation of attention is well-established, the issue of how and when this modulation occurs is contested. Part of the issue may be the reliance on measures of central tendency of behavioral responses-namely, mean response times (M RT )-to infer when top-down modulation occurs. Results of studies using differences in M RT (or lack thereof) between conditions do not unambiguously support one side of the debate. This study went beyond using measures of central tendency by examining top-down modulation of the shift and skew of RT distributions in attentional capture tasks. Identifying how top-down control influences RT distributions provided insight as to when top-down control modulates the selection of salient stimuli.
Evidence that salient items are selected only if they are featurally relevant comes from Folk et al. (1992) , in which a color cue or onset cue appeared 150 ms prior to a target that was an onset singleton for some subjects and a color singleton for others. Folk et al. (1992) hypothesized that subjects would enter the target-defining feature into an attentional set that would moderate shifting attention toward the cues. Specifically, cues that shared a feature with the attentional set would capture attention, but cues that did not share a feature with the attentional set would not. Consistent with this contingent orienting hypothesis, only color cues captured attention in the color target group, and only onset cues captured attention in the onset target group. Thus, bottom-up signals interacted with top-down settings so that only salient items that were relevant to the attentional set captured attention. (Hereafter, target relevant refers to cues that match the attentional set, and target irrelevant refers to cues that do not match the attentional set.)
Much research has revealed an interaction between topdown settings and bottom-up signals on the control of attention (e.g., Anderson & Folk, 2010; Ansorge & Heumann, 2003; Folk & Remington, 1998 Folk et al., 1992; Folk et al., 1994; Gibson & Kelsey, 1998 ; for reviews, see Burnham, 2007; Theeuwes, 2010) . But according to the attentional disengagement account, all salient stimuli capture attention in a stimulus-driven manner. According to this account, the lack of cuing effects by target-irrelevant cues is due to a disengagement of attention away from the cue in the 150-ms cue-target onset asynchrony (CTOA), and cuing effects by target-relevant cues reflect no disengagement. Thus, the attentional set modulates when attention shifts away from an attention-capturing item, not whether an item captures attention (Belopolsky, Schreij, & Theeuwes, 2010; Theeuwes, 2010; Theeuwes, Atchley, & Kramer, 2000) . In support of this, Theeuwes et al. found that a color singleton distractor (e.g., a single green item among red items) elevated RTs when it appeared 50 or 100 ms prior to the onset of a target, but not between 150 and 300 ms prior to the target (see also Lamy & Egeth, 2003; Theeuwes & Godijn, 2002) . Thus, attention was captured, but with enough time, attention disengaged from the distractor, thereby nullifying any observable attentional capture effect. Belopolsky et al. (2010) obtained results consistent with the disengagement account. In their Experiment 4, on each trial, subjects were instructed to choose which one of two targets (red or onset) they wanted to locate. If the target that appeared was congruent with the chosen target, the subjects were to respond (go trial), and they were to withhold their response otherwise (no-go trial). A color cue or onset cue preceded the target by 150 ms, and cues that were target relevant elicited positive cuing effects. However, cues that were target irrelevant elicited negative cuing effects; that is, responses were faster following invalid cues (cue and target in different locations) than following valid cues (cue and target in same location). According to Belopolsky et al. , "suppression of the nonmatching cue location suggests that top-down attentional control could not prevent attentional capture by the cue but operated by rapid disengagement of attention from the cued location, followed by suppression of processing at that location" (p. 356). However, negative cuing effects may also reflect the attentional set suppressing attention from being captured, thereby slowing attention from shifting to the cued location (Lamy, Leber, & Egeth, 2004) , consistent with the contingent orienting hypothesis.
Both the contingent orienting hypothesis and the disengagement account predict the same cue/target similarity × cuing effect interaction, with positive cuing effects for target-relevant cues and absent or negative cuing effects for target-irrelevant cues. Hence, results such as Folk et al.'s (1992) and Belopolsky et al.'s (2010) cannot distinguish between the hypotheses. One issue may be the reliance on M RT and cuing effects in M RT . If one accepts the disengagement account, cuing effects cannot be used to detect that a targetirrelevant cue has captured attention, because the initial capture of attention and following disengagement of attention are subsumed by the same variable (M RT ), making it difficult to disentangle the two effects. A solution is to estimate the attentional capture effect and disengagement of attention separately and examine their combined influence on cuing effects in M RT . One approach is to analyze RT distributions.
RT data tend to be positively skewed, with M RT influenced by both the central tendency and skew of the RT distribution. If RTs are normally distributed, M RT estimates μ, and manipulations that result in a difference in M RT reflect a shift in μ. But in positively skewed distributions, because skew influences M RT , manipulations resulting in a difference in M RT may not reflect a change in μ; rather, a manipulation might affect skew and, in turn, affect M RT (e.g., Andrews & Heathcote, 2001; Balota & Yap, 2011; Balota, Yap, Cortese, & Watson, 2008; Heathcote, Popiel, & Mewhort, 1991; Luce, 1986; Yap, Balota, Cortese, & Watson, 2006) . Thus, with positively skewed data, it is ambiguous whether a manipulation that results in a difference in M RT was due to a difference in μ (distribution shift), a difference in skew, or a difference in both.
The ex-Gaussian function can be fit to positively skewed RTs to examine how manipulations affect the shift and skew of an RT distribution and how differences in the shift and skew contribute to observed differences in M RT (Heathcote et al., 1991; Hockley, 1984; Luce, 1986; Ratcliff, 1978; Ratcliff & Murdock, 1976; Van Zandt, 2000) . The ex-Gaussian is a convolution of a normal (Gaussian) distribution and exponential distribution, which represents positive skew (Fig. 1) . The exGaussian is bound by three parameters: μ, the mean of the normal distribution; σ, the standard deviation of the normal distribution; and t, the central tendency of the exponential distribution, which is analogous to skew. Two properties of the ex-Gaussian are especially important. First, as Luce (1986; Van Zandt, 2000) explained, the ex-Gaussian fits positively skewed data quite well and is well-suited for studies analyzing RTs. Second, the sum of the estimates for μ and t is approximately equal to M RT , because the sum of the true values of μ and t is equal to the true mean of the ex-Gaussian (Balota & Yap, 2011; Heathcote et al., 1991; Luce, 1986; Yap et al., 2006) . Importantly, when RTs are positively skewed and fit an ex-Gaussian distribution, M RT does not estimate μ in a normal distribution, because M RT is now assumed to be a convolution of μ and t. This is appealing, because estimates of μ and t can be generated and analyzed separately to determine whether a variable that influenced M RT did so via μ, t, or both. As Balota and Spieler (1999) stated, "detailed predictions of . . . specific models could not have been tested with estimates of central tendency" (p. 34).
For example, using a Stroop task, Heathcote et al. (1991) found no facilitation effect in M RT between a congruent condition (RED written in red ink) and neutral condition (XXX written in red ink). After fitting the ex-Gaussian to each subject's data, Heathcote et al. found a facilitation effect in μ (μ Congruent < μ Neutral ) that was counteracted by an interference effect in t (t Congruent > t Neutral ). That is, the ex-Gaussian analysis revealed how a null effect in M RT was due to distribution shifting (μ) and skewing (t) exerting opposite influences on M RT . Thus, an ex-Gaussian analysis-and, in particular, the t component-allows one to determine which portion of an RT distribution is affecting M RT .
An influence of the ex-Gaussian parameters μ and t on M RT may suggest whether different cognitive processes are operating. For example, an influence of μ on M RT may reflect stimulus-driven processes, whereas an influence of t may reflect top-down processes (Hohle, 1965; Rouder, 2005; Rouder & Speckman, 2004; Wenger & Gibson, 2004 ; but see Luce, 1986; Matzke & Wagenmakers, 2009) . That is, because stimulus-driven processes operate quickly, they may be reflected in shorter RTs corresponding to μ. Thus, manipulations that affect stimulus-driven processing would manifest as differences in μ. Similarly, because top-down-processes operate slowly, they may be reflected in longer RTs corresponding to t. Hence, manipulations affecting top-down processes would manifest as differences in t. Although it is speculative to equate specific cognitive processes with specific parameters, results from the word recognition literature suggest that μ may be sensitive to differences in stimulus-driven processes and that t may be sensitive to changes in top-down, attention-demanding processes.
For example, Balota and Spieler (1999) examined the influence of word frequency on lexical decision times (LDTs). A word frequency effect was observed in M RT , where responding was faster to high-frequency words than to low-frequency words, an effect that was influenced by both μ and t. Specifically, μ was smaller for high-frequency words, and t was larger for low-frequency words. Faster responding to high-frequency words may reflect stimulus-driven encoding; hence, the difference in μ suggests that μ is sensitive to stimulus-driven processing. Slower responding to low-frequency words may reflect a strategic memory search; hence, the difference in t suggests that t is sensitive to changes in top-down processes.
Similarly, Balota et al. (2008) examined the influence of μ and τ on semantic priming, which is the finding that LDTs are shorter on target words (cat) following related primes (DOG) than following unrelated primes (WALL). The semantic priming effect in M RT was influenced only by μ. Given that semantic priming may reflect a stimulus-driven preactivation mechanism (Neely, 1977) , this suggests that μ may be sensitive to stimulus-driven processing. Importantly, Balota et al. also observed an increase in semantic priming when the target was perceptually degraded, which suggests that subjects relied more on the prime to assist processing the target. This increase in the semantic priming effect was isolated to t, suggesting that t may be sensitive to changes in top-down processes. In short, evidence suggests that μ and t are sensitive to changes in stimulus-driven and top-down processing, respectively, although μ and t may not directly measure those processes.
Because involuntary shifts of attention toward salient stimuli (attentional capture) reflect perceptual process, cuing effects may reflect an RT distribution shift between valid and invalid cue conditions (μ Valid < μ Invalid ). That is, if attention shifts toward a cue, this should facilitate Fig. 1 A Gaussian distribution (top), with parameters μ and σ, and an exponential distribution (middle), with parameter t, form an ex-Gaussian distribution (bottom), with parameters μ, σ, and t responding to targets at that location, and the RT distribution for valid cues should be shifted to the left of the distribution for invalid cues. The question is how top-down modulation might influence the shift and skew of the RT distributions.
The contingent orienting hypothesis and disengagement account assume that top-down attentional settings moderate the capture of attention but differ with respect to when this occurs (before or after capture)-hence, how top-down modulation might influence the shift and skew of RT distributions (Fig. 2) . According to the contingent orienting hypothesis, top-down modulation occurs prior to capture. Target-relevant cues should elicit a cuing effect and RT distribution shift (μ Valid < μ Invalid ), but target-irrelevant cues should elicit no cuing effect and no shift (μ Valid 0 μ Invalid ). The hypothesis predicts no influence of t (t Invalid 0 t Valid ), because top-down control that may be associated with t exerts an influence prior to attention being captured; that is, top-down control is engaged a priori to cue onset. The hypothesis predicts a cue/target similarity × cuing effect interaction for μ, but not for t. In contrast, the disengagement account assumes that top-down modulation occurs after stimulus-driven capture by a salient cue. Both targetrelevant and target-irrelevant cues should elicit a cuing effect and distribution shift (μ Valid < μ Invalid ). Critically, because disengagement is assumed to occur after attention is captured -that is, top-down control is engaged a posteriori to cue onset -disengagement may influence larger RTs that may be associated with t. As such, the lack of cuing effects in M RT for target-irrelevant cues may reflect a skew effect (t Valid > t Invalid ) that counteracts the shift effect, with the result being no observable cuing effect: (μ Invalid − μ Valid ) + (t Invalid − t Valid ) 0 M Invalid − M Valid 0 0 ms. There should be no influence of ttarget-relevant cues (t Valid 0 t Invalid ), because disengagement should not occur. Thus, the account predicts a cue/target similarity × cuing effect interaction for t, but not for μ.
In short, the ex-Gaussian analysis allows predictions to be contrasted between the contingent orienting hypothesis and disengagement account. No study examining top-down modulation of attentional capture has used an ex-Gaussian analysis, 1 but several studies have used vincentized analyses (Ansorge & Horstmann, 2007; Ansorge, Horstmann, & Carbone, 2005) . In a vincentized analysis, each subject's data are separated into conditions and are rankordered. Data are placed into bins called quantiles, with each representing a percentage of data. The M RT within a quantile is averaged across subjects, and differences between conditions as a function of quantile are examined. For example, Ansorge et al. found that target-relevant (better-marching) distractors elicited capture effects earlier in an RT distribution than did target-irrelevant (less-marching) distractors, consistent with the contingent orienting hypothesis. Quantile plots are used in conjunction with exGaussian analyses because μ and t have specific influences on their shape. Generally, if a difference in M RT is due to μ, the difference between conditions will not change across quantiles, but if a difference in M RT is due to t, the difference will change across quantiles (see Fig. 2 in Balota & Yap, 2011) . The contingent orienting hypothesis predicts a difference between valid and invalid conditions that does not vary across quantile for targetrelevant cues and no difference between valid and invalid conditions for target-irrelevant cues. In contrast, the disengagement account predicts that the difference between valid and invalid cues should decrease across quantiles for target-irrelevant cues and that the difference will not vary across quantiles for target-relevant cues.
In the following three experiments, cuing effects were analyzed using M RT and also with an ex-Gaussian analysis to test the predictions from the contingent orienting hypothesis and the disengagement account. The experiments were similar to those in Folk et al. (1992) , and cuing effects were predicted, and observed, to be modulated by top-down settings. The question addressed was how top-down modulation would influence the parameters μ and t and how these parameters would contribute to the top-down modulation of cuing effects in M RT .
General method

Subjects
University of Scranton undergraduates participated for credit toward a research requirement. Forty-one subjects (23 female, 36 right-handed) completed Experiment 1; 32 subjects (17 female, 26 right-handed) completed Experiment 2; and 27 subjects (19 female, 25 right-handed) completed Experiment 3. Subjects ranged from 18 to 25 years old (M 0 18.96, SD 0 1.05) and all reported normal or corrected-to-normal vision. The task required 45 min, and each subject also completed an unrelated working memory task.
1 Wenger and Gibson (2004) used hazard functions to examine changes in processing capacity as a function of cue-target similarity in a contingent capture task-specifically, whether the ordering of hazard functions fit to data from valid and invalid cue conditions differed with respect to cue-target similarity. Their results were consistent with the contingent orienting hypothesis (Folk et al., 1992) , that processing capacity differs on the basis of similarity between the cue and target. Wegner and Gibson also failed to find partial orderings of hazard functions in a target-irrelevant (incongruent) condition, which could be taken as evidence against disengagement. As was explained by Wenger and Gibson, a benefit of this approach is that fitting hazard functions does not require an assumption that data follow a parametric distribution, as is the case with fitting the ex-Gaussian.
Design
Each experiment included the within-subjects factors cue validity (valid vs. invalid) and cue type. Experiment 1 included the between-subjects factor target type (onset vs. color).
Apparatus
Each experiment was programmed and presented with E-Prime v2.0.8.22 software (Psychology Software Tools Inc.) on a Dell 755 computer with a Pentium Core 2 Duo processor (2.33 GHz) connected to a Dell E178Fpv monitor (60 Hz).
Contingent Orienting Hypothesis Predictions Attentional Disengagement Predictions
Target-Relevant Cue
Cuing Effects: µ = 50 ms; τ = 0 ms; M = 50 ms Cuing Effects: µ = 50 ms; τ = 0 ms; M = 50 ms
Target-Irrelevant Cue
Cuing Effects: µ = 0 ms; τ = 0 ms; M = 0 ms Cuing Effects: µ = 50 ms; τ = -50 ms; M = 0 ms Subjects were tested individually and sat 60 cm from the monitor, which was height adjusted. A five-button response box was used for responding, and an OptiCAL RS-232 photometer measured luminance.
Stimuli
In each experiment, the stimuli appeared in a sequence of frames (Fig. 3) . In all frames except for the cue display, five gray placeholders (CIExy, .314, .329; luminance, 20 .98 cd/m 2 ) appeared on a black background (0, 0; 0.16 cd/m 2 ). The placeholders were 1.53°× 1.53°with a 2-pixel border. One was centered and contained a gray fixation cross, and the other four were positioned 45°, 135°, 225°, and 315°relative to the twelveo-clock position and designated the potential cue and target locations. The distance between the center of the central placeholder and the center of each peripheral placeholder was 4.31°.
On each trial, one of two different cue displays was presented. In onset cue displays, a 1.72°× 1.72°white box (.314, .329; 25.77 cd/m 2 ) was onset over one peripheral placeholder. In color cue displays, a 1.72°× 1.72°box was presented over each placeholder. The box at the central placeholder and three peripheral placeholders were green (.314, .537; 13.74 cd/m 2 ), and the box at the fourth peripheral placeholder was a color singleton. Target displays are described in the Method section for each experiment.
Procedure
Subjects were informed that they would see a series of displays and that their task was to identity a target with a prespecified feature. Subjects were encouraged to respond quickly but to refrain from making errors by pressing a key on the response box with their left or right index finger (key assignment was counterbalanced). Subjects completed 32 practice trials that did not include a cue display and 64 practice trials in which a cue was presented 150 ms prior to the target. For this second set of practice trials, the different cue types appeared equally often, but randomly, at each of the four peripheral placeholder locations. On these trials and the data collection trials, the target location was independent of the cue location (cue and target coincided 25 % of the time). A total of 768 trials followed, and subjects were given self-paced breaks every 64 trials.
On each data collection trial, the fixation display was presented for 1,000 ms. The cross was erased for a randomly chosen duration of 400-900 ms (increments of 100 ms), which was a warning that the trial had started. A cue display was presented for 50 ms, with the type and location of the cue chosen randomly on each trial. After a randomly chosen CTOA, the target display was presented. In Experiment 1, CTOA ranged from 50 to 300 ms (25-ms increments). In Experiments 2 and 3, CTOA ranged from 50 to 200 ms (50-ms increments). If the response was incorrect or if no response was made within 2,000 ms, a 500-Hz tone was played for 500 ms. The next trial began after 1,000 ms.
Experiment 1
These data were originally published in a study that examined the relationship between working memory and contingent orienting (Burnham, Harris, & Suda, 2011) and are included here because the methodology and stimuli are similar to those in Folk et al. (1992) . Subjects were randomly assigned to identify a red target or an onset target, and in each group, a color cue or onset cue preceded the target. It was expected that subjects would enter the target-defining feature into an attentional set that would modulate the cuing effects. The question was whether the observed interaction between target type, cue type, and cue validity in M RT would reflect an influence of μ, t, or both. In the cue display, the onset cue (top) is the large white placeholder, and the color cue (bottom) is the outlined placeholder among the gray placeholders, which were green in the experiments. Target displays are described in the Method sections
Method
Design
The design was a 2 (target type: onset vs. color) × 2 (cue type: color cue vs. onset cue) × 2 (cue validity: valid vs. invalid) mixed factorial with target type a between-subjects factor and all other factors randomized within blocks. Subjects were randomly assigned to an onset target group (n 0 20) or a color target group (n 0 21).
Stimuli
The cue display contained an onset cue or color cue. For color cues, one box at a peripheral placeholder was red (.447, .334; 12.91 cd/m 2 ), and the box at each other placeholder was green (.314, .537; 13.74 cd/m 2 ). For subjects in the onset target group, the target was the single gray X or 0 (24-point Sans Serif font, 0.5°× 0.5°) that appeared at a randomly chosen one of the four peripheral locations. For subjects in the color target group, the target was the single red item X or 0 that appeared with three gray items. The target appeared in a randomly chosen one of the four peripheral locations, and a gray X and 0 appeared in each of the other peripheral locations, with the condition that two Xs and two 0 s appeared in every target display.
Results
Three analyses were performed. First, M RT and errors were submitted to analyses of variance (ANOVAs) to determine whether contingent capture occurred. Second, analyses were carried out with the parameter estimates (μ, σ, t) that were obtained after fitting an ex-Gaussian function to each subject's data. Finally, vincentile analyses were performed with RT bin (quantile) included as a factor. For the vincentile analyses, the GreenhouseGeisser correction was used when sphericity was violated. For each experiment, error trials and trials with RTs shorter than 150 ms were excluded. Of the remaining trials, RTs three standard deviations above or below each subject's overall mean were removed. Trimming resulted in the removal of 4.2 % of the trials (2.5 % due to error). Trimmed data were used in each analysis, and the patterns did not change in the untrimmed data.
RT and error analyses
Each subject's M RT was computed for each cell in the cue type × cue validity design for each target group. Arithmetic means for each cell appear in Table 1 . Results of a 2 (target: color vs. onset) × 2 (cue type: color vs. onset) × 2 (cue validity: valid vs. invalid) ANOVA with repeated measures on the factors cue type and cue validity are presented in Table 2 . The main effect of cue validity was significant, reflecting faster responding following valid cues. A main effect of target type was due to faster responses to onset targets. The cue type main effect was nearly significant, as was the target type × cue type interaction. Importantly, the three-way interaction was significant. No other effect from the omnibus ANOVA was significant, Fs < 1. The three-way interaction was examined with separate 2 (cue type) × 2 (cue validity) ANOVAs on the onset target group and color target group. In the color target group, the cue type × cue validity interaction was significant, reflecting a larger cuing effect by color cues than by onset cues ( Table 1 ). The interaction was also significant in the onset target group, reflecting a larger cuing effect for onset cues than for color cues. Thus, the results show contingent capture.
A 2 (target type) × 2 (cue type) × 2 (cue validity) ANOVA on the errors yielded a significant interaction between target type and cue validity and between cue type and cue validity. The three-way interaction was also significant. No other effects were significant. The three-way interaction reflected a significant cue type × cue validity interaction in the color target group, but not in the onset target group.
Ex-Gaussian analysis
Kolmogorov-Smirnov tests on the aggregate distributions were significantly different from normal in each condition, and average chi-square goodness-of-fit statistics showed that the RT distributions did not significantly deviate from the theoretical ex-Gaussian (Table 3 ). Figure 7 in the Appendix shows an ex-Gaussian function overlaid on the data from all subjects in each target type × cue type × cue validity combination. Each bar represents 5 % of the data. As can be seen in Fig. 7 , the ex-Gaussian function fits the data very well.
Each subject's data in each cell of the cue type × cue validity design was fit to an ex-Gaussian function using RTSYS (Heathcote, 1996) , which uses continuous maximum likelihood estimation to obtain ex-Gaussian parameters. All fits converged within 500 iterations. Table 3 lists the average number of trials used per subject for parameter estimation. Parameter estimates were averaged across subjects and appear in Table 1 , and each subject's parameter estimates for μ, σ, and t were entered into separate 2 (target type) × 2 (cue type) × 2 (cue validity) ANOVAs. Results of the omnibus ANOVAs with follow up analyses are presented in Table 4 .
For μ, each main effect was significant, as were the twoway interactions with target type. Most important, the threeway interaction was significant, which was examined with separate 2 (cue type) × 2 (cue validity) ANOVAs for the onset target group and the color target group. In the color target group, the cue type × cue validity interaction was significant, reflecting larger cuing effects in μ by color cues than by onset cues ( Table 1 ). The interaction was also significant in the onset target group, due to larger cuing effects for onset cues than for color cues. Thus, contingent attentional capture was observed in μ, just as in the analyses of M RT . For σ, the target type × cue validity interaction was significant, as were the cue type × cue validity interaction and the three-way interaction. The three-way interaction was examined with 2 (cue type) × 2 (cue validity) ANOVAs run on the onset target group and the color target group. For the color target group, the cue type × cue validity interaction was significant, due to a larger cuing effect in σ for color cues than for onset cues (Table 1 ). The interaction was not significant in the onset target group.
For t, the only significant effect was the interaction between target type and cue validity. Importantly, the three-way interaction was not significant, suggesting that contingent attentional capture did not occur in t.
To summarize, the contingent capture effects in M RT were influenced by μ, not t. This is reflected in the three-way interaction in μ and the absence of a three-way interaction in t. Also, cuing effects in μ mirrored the cuing effects in M RT , whereas there were no cuing effects in t.
Vincentile analysis
For each cell in the cue type × cue validity design, each subject's data were sorted from fastest to slowest. The first 12.5 % of each subject's data were averaged, followed by the second 12.5 %, the third 12.5 %, and so on, resulting in eight quantiles (bins). The individual quantiles were then averaged with those of the other subjects in each target group. Figure 4 shows the quantile plots for the valid cue (solid line) and invalid cue (dotted line) conditions. An omnibus ANOVA 2 yielded a nonsignificant target type × cue type × cue validity × RT bin interaction, F(1.41, 55.10) 0 1.93, MSE 0 1,573.55, p 0 .165, η 2 p ¼ :05, suggesting that the cuing effects were stable across quantiles in each target type × cue type combination. The nonsignificant ANOVA replicates the ex-Gaussian analysis and suggests that the contingent capture effects in M RT were due to differences in μ (shifting), not differences in t (skewing).
Although the four-way interaction was not significant, the bin × cue validity interaction was assessed for each target type × cue type combination. Table 5 lists the results of each ANOVA. The only significant interaction was in the color-target/color-cue condition, reflecting a smaller cuing effect at the eighth bin, as compared with stable cuing effects at the other seven bins. Otherwise, the cuing effects were stable across latency, which is consistent with the lack of a skewing effect from the ex-Gaussian analysis.
Discussion
Cuing effects in M RT were larger for target-relevant cues than for target-irrelevant cues, reflecting contingent attentional capture. Importantly, the ex-Gaussian analysis showed that the target type × cue type × cue validity interaction in M RT was due to an interaction in μ, not t. This suggests that distribution shifting, not skewing, was responsible for the contingent attentional capture effects, and the quantile plots and corresponding analyses support the findings in the ex-Gaussian analysis. As will be elaborated later, the results support the contingent orienting hypothesis and do not support the disengagement account.
Experiment 2
Experiment 1 showed that top-down control influences cuing effects through distribution shifting (μ), not skewing (t). Experiment 2 extended these results by examining whether an attentional set for a highly specific feature would modulate cuing effects through μ. In Experiment 2, the target was a specific color among heterogeneous nontarget colors. Specifically, the target was red for some subjects and blue for 2 An initial ANOVA on the quantiles with CTOA included as a factor did not produce significant interactions between CTOA and the cuing effects in any experiment, Fs < 1, suggesting that the cuing effects in the distribution analyses for target-relevant and for target-irrelevant cues were consistent across quantiles. A corresponding analysis with CTOA was not possible for the ex-Gaussian analysis, since there would have been too few observations per subject per condition for reliable parameter estimates. others, and each nontarget was a different color. The cue was the same color as the target (red in the red target group, blue in the blue target group), a different color than the target (blue in the red target group, red in the blue target group), or an onset. Cuing effects were expected to be larger for same-color cues than for different-color cues and onset cues. The question was whether this cue type × cue validity interaction was due to distribution shifting (μ), skewing (t), or both.
Method
Design
The design was a 3 (cue type: same color, different color, onset cue) × 2 (cue validity: valid vs. invalid) within-subjects factorial. Subjects were randomly assigned to respond to a red target (n 0 16) or a blue target (n 0 16). The three cue conditions were presented equally often across trials. Kolmogorov-Smirnov D values were obtained from the RT distributions aggregated over all subjects. The c 2 values were obtained by averaging goodness-of-fit statistics obtained during fitting the ex-Gaussian to each subject's data; hence, this value is the mean goodness-of-fit statistic over all subjects. The c 2 p values are the exact p-values for each mean goodness-of-fit statistic. Under Experiment 1, the value before the / is for the color target group, and the value after the / is for the onset target group. *p < .00001 ) box at one peripheral location, and the box at each other placeholder was green. For subjects who saw a red target, the red cue was designated the same-color cue, and the blue cue was the different-color cue. Cue assignment was reversed for subjects who saw the blue target.
Each target display included one blue item or one red item, which designated the target. Nontargets were randomly assigned to be one of three colors: teal (.228, .339;.72 
Results
Two subjects' data were removed due to excessive errors (M Accuracy < 10 %). The same trimming procedures used in Experiment 1 resulted in 5.3 % of the data excluded (3.4 % due to error).
RT and error analyses
Each subject's mean RT was computed for each cell in the cue type × cue validity design, and the arithmetic mean for each cell appears in Table 1 . Results of a 3 (cue type: same color, different color, onset) × 2 (cue validity: valid vs. invalid) repeated measures ANOVA appear in Table 2 . The ANOVA revealed a main effect of cue validity, due to faster responding in the valid condition. Importantly, the interaction was significant, reflecting a larger cuing effect by same-color cues than by different-color cues and onset cues ( Table 1 ). The main effect of cue type was not significant. An analysis on the error rates failed to yield significant effects.
Ex-Gaussian analysis
Kolmogorov-Smirnov tests were significantly different from normal in each condition, and average chi-square goodness-of-fit statistics showed that the RT distributions did not significantly deviate from a theoretical ex-Gaussian (Table 3 ). Figure 8 in the Appendix displays the exGaussian function fit to the data for each cue type × cue validity condition. As in Experiment 1, the ex-Gaussian function fits the data quite well.
Parameter estimates were obtained in the same manner as in Experiment 1, and the means appear in Table 1 . Each subject's estimate for μ, σ, and t was entered into separate 3 (cue type) × 2 (cue validity) ANOVAs, and the results of the omnibus ANOVAs are presented in Table 4 .
For μ, the main effect of cue validity was significant, as was the interaction. The interaction reflects a larger cuing effect in μ for same-color cues, as compared with different-color cues and onset cues (Table 1) . For σ, the main effect of cue validity was significant, but the other effects were not. For t, no effect reached statistical significance. As in Experiment 1, the cuing effects in μ mirrored the cuing effects in M RT , which suggests that the cue type × cue validity interaction in M RT was influenced by μ, and not t. 
Vincentile analysis
Vincentiles were calculated in the same manner as in Experiment 1. Figure 5 shows the quantile plots for the valid and invalid cue conditions for each cue type. An omnibus ANOVA with factors cue type, cue validity, and RT bin produced a nonsignificant cue type × cue validity × RT bin interaction, F < 1. As in Experiment 1, the bin × cue validity interaction was evaluated for each cue type, and the results of each ANOVA appear in Table 5 . To summarize, the cue validity × RT bin interaction did not approach significance for any cue type; thus, the cuing effects were stable across quantile, which is consistent with a shifting effect and the lack of a skewing effect in the ex-Gaussian analysis.
Discussion
Experiment 2 replicated the contingent attentional capture effects in M RT in Experiment 1, and importantly, the ex-Gaussian analysis showed that the cue type × cue validity interaction in M RT was influenced by μ, not by t. Also, cuing effects in μ mimicked those in M RT and were absent in t. Thus, larger cuing effects by samecolor cues versus smaller cuing effects by different-color cues and onset cues reflected differences in distribution shifting, not skewing.
Experiment 3
In Experiments 1 and 2, the target's feature was constant across trials. The questions addressed in Experiment 3 were (1) whether the cuing effects for onset cues and color cues would be equivalent if the target's color was randomized across trials, and (2) how the ex-Gaussian parameters would contribute to the cuing effects. In Experiment 3, the target was unpredictably red, blue, teal, purple, or orange, so subjects could not search for a specific color and had to adopt a singleton detection mode (Bacon & a Greenhouse-Geisser correction was applied where spherecity was violated. Egeth, 1994; Pashler, 1988) . The cue was a color singleton or onset singleton. Because both cues were relevant to the target's status as a singleton, it was possible, and observed, that both cues would capture attention. The question was how the ex-Gaussian parameters would contribute to the cuing effects in M RT .
Method
Design
The design was a 2 (cue type: color vs. onset) × 2 (cue validity: valid vs. invalid) within-subjects factorial.
Stimuli
The cue display contained an onset cue or a color cue (red or blue). The target display included three nontarget gray items and one colored target item. The target's color varied across trials between red, blue, teal, purple, and orange.
Results
One subject's data were removed due to excessive errors (M Accuracy < 20 %). The trimming procedures used in Experiment 1 resulted in 4.8 % of the data being excluded (3.0 % due to error). Because the target's color varied, the target's color on the preceding trial may have moderated cuing effects on the current trial.
3 That is, cuing effects by red cues and blue cues may have benefitted when a red or blue target appeared on the preceding trial, rather than an orange, teal, or purple target (intertrial priming; Maljkovic & Nakayama, 1994) . Similarly, red cues and blue cues may have benefitted target localization within a trial when the target was also red or blue, but not orange, teal, or purple (within-trial priming).
To examine within-trial and intertrial priming effects, the data were first analyzed in a 2 (preceding target: similar vs. dissimilar) × 2 (current target: similar vs. dissimilar) × 2 (cue validity: valid vs. invalid) repeated measures ANOVA, where similar targets were red or blue and dissimilar targets were orange, teal, or purple. The analysis yielded a main effect of current target, F(1, 25) 0 45.48, MSE 0 554.17, p < .0001,η 1 2 3 4 5 6 7 8
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Onset C ue Fig. 5 Quantile plots for the congruent color, incongruent color, and onset cue conditions. The solid line is the valid cue condition, and the dotted line is the invalid cue condition. Error bars are 95 % confidence intervals based on the within-subjects error term (Equation 2, Hollands & Jarmasz, 2010) way
1], suggesting no intertrial priming.
Although this confirms within-trial priming, it is unlikely that the results reflect sensory priming from the cue to the target. This is so because studies indicate that sensory priming from a cue to a target is observed when cuing effects by similar (matching) cues are larger than cuing effects for dissimilar (nonmatching) cues within a trial (e.g., Ansorge & Horstmann, 2007; Worschech & Ansorge, 2012) . The results of Experiment 3 clearly showed the opposite. The following analyses were performed without excluding conditions that may have benefitted from within-trial priming (current target similar), because (1) excluding the current target similar condition removes 40 % of the data in the color cue condition, which would affect parameter estimates; (2) while current similar color targets may have benefitted from color cues, it is just as likely that dissimilar targets did not benefit, so it is unclear which condition is more appropriate to exclude; and (3) analyses without the current target similar condition produced the same pattern.
4
RT and error analyses
Each subject's mean RT was computed for each cell in the cue type × cue validity design, and arithmetic means appear in Table 1 . Results of a 2 (cue type: color vs. onset) × 2 (cue validity: valid vs. invalid) repeated measures ANOVA are presented in Table 2 . The ANOVA revealed a main effect of cue validity. The main effect of cue type and the interaction were not significant.
A corresponding ANOVA on the error rates yielded a main effect of cue validity. No other effects were significant.
Ex-Gaussian analysis
Kolmogorov-Smirnov tests on the aggregate distributions were significantly different from normal, and average chi-square goodness-of-fit statistics showed that the distributions did not significantly deviate from a theoretical ex-Gaussian (Table 3 ). Figure 9 in the Appendix displays the ex-Gaussian function fit to the data across for each cue type × cue validity combination. As in Experiments 1 and 2, the ex-Gaussian function fits the data very well. The ex-Gaussian parameter estimates are presented in Table 1 , and each subject's estimate for μ, σ, and t was entered into a separate 2 (cue type) × 2 (cue validity) ANOVA. Results of the omnibus ANOVAs are presented in Table 4 .
For μ, only the main effect of cue validity was significant. For σ, the interaction was marginally nonsignificant, and the other effects were not significant. For t, the main effect of cue validity was marginally nonsignificant, and the other effects were not significant. The lack of a cue type × cue validity interaction in M RT may be due to the lack of similar interactions in μ and in t. However, inspection of the cuing effects in μ and t (Table 1) suggests that the lack of an interaction in M RT may be due to opposing influences of μ and t: For color cues, the cuing effect was larger in μ than in t, whereas for onset cues the cuing effect was larger in t than in μ. Figure 6 shows the quantile plots for the valid and invalid cue conditions for each cue type. An omnibus ANOVA with the factors cue type, cue validity, and RT bin produced a marginally nonsignificant cue type × cue validity × RT bin interaction, F(1.98, 49.54) 0 3.17, MSE 0 1,062.39, p 0 .051, η 2 p ¼ :11 . The interaction does not stand out in the plots but might reflect a sharp increase in the cuing effect for onset cues at bin 8, as compared with the relatively stable cuing effects across all eight bins for color cues.
Vincentile analysis
The bin × cue validity interaction was examined for each cue type, and Table 5 lists the results of each ANOVA. For color cues, the main effect of cue validity was significant. For onset cues, the main effect of cue validity was significant, and the interaction was marginally nonsignificant. Thus, the marginal cue type × cue validity × RT bin interaction was due to an increase in cuing effect for onset cues at the longest response latency, as compared with no changes in cuing effects across latency for the color cues.
Discussion
The results differed from those in Experiments 1 and 2 in several ways. First, both color cues and onset cues elicited equivalent cuing effects in M RT , consistent with the adoption of a singleton detection mode. Second, while the contingent capture effects in M RT in Experiments 1 and 2 reflected an influence from μ and not t, in Experiment 3 the lack of a cue type × cue validity interaction in M RT may be due to opposing influences of μ and t (Table 1) . Specifically, the 22-ms cuing effect for color cues was due to a 19-ms influence of μ combined with a 1-ms influence of t, whereas the 22-ms cuing effect for onset cues was due to an 8-ms influence of μ combined with a 14-ms influence of t. Note that the influence of t was not in the direction predicted by the disengagement account, which assumes that the influence of t will counteract the influence of μ and reduce the cuing effect (t Invalid − t Valid < 0; Fig. 2) . Also, the disengagement account assumes that all salient stimuli capture attention, so the cuing 4 A 2 (cue type: color vs. onset) × 2 (cue validity: valid vs. invalid) ANOVA without the red cue trials and blue cue trials produced a main effect of cue type, F(1, 25) 0 20.56, MSE 0 148.05, p < .001, η effect in μ should have been equivalent for color cues and onset cues, which was not the case.
What explains the small influence of t and the reduced influence of μ in the onset cuing effects? The nonsignificant cue type × cue validity interaction in t appears to reflect a smaller skewing effect (111 ms) for valid onset cues. It is possible that this small value of t is a fluke, since 1 subject showed very small skew (t 0 24 ms). When that subject's data were removed, the mean of t increased to 115 ms, and the cue type × cue validity interaction was reduced in significance (p 0 .204), and the same was true for the interaction in μ (p 0 .220). Hence, the influence of t does not appear to be reliable. But even with this subject's data removed, the onset cuing effect in μ increased slightly (μ Invalid − μ Valid 0 10 ms) and in t is reduced only slightly (t Invalid − t Valid 0 11 ms). Thus, attentional capture by onsets does not appear to be as strong as that by color cues.
One speculation is that although both color cues and onset cues were target relevant, the color cues were more relevant, because they were singletons in the color dimension. As such, one may predict smaller cuing effects in μ by the onset cue, which was observed (Müller, Reimann, & Krummenacher, 2003; Wei, Lü, Müller, & Zhou, 2008) . The question is why t inflated the onset cuing effect. The small cuing effect in t may reflect a postperceptual decision to shift attention to the onsetcued location. But if so, similar effects should have been found in Experiments 1 and 2, which was not the case. A more parsimonious explanation is that the larger cuing effect in t and the smaller cuing effect in μ is a type I error, since cuing effects in t were not observed for the same onset cues in Experiments 1 and 2. Indeed, 2 subjects, including the one above, had cuing effects in μ that were over two standard deviations below the mean. When their data were removed, the onset cuing effect in μ was 13 ms, and in t was 7 ms. Importantly, there was no change to the color cuing effects in μ (17 ms) or t (3 ms), and the cue type × cue validity interaction no longer approached significance in μ (p 0 .460) or t (p 0 .419). In short, when considering individual differences, the cuing effects for the color cues and onset cues were driven primarily by distribution shifting (μ), not skewing (t).
General discussion
This study performed a traditional analysis on M RT and exGaussian and vincentizing analyses on RT distributions in three experiments that examined contingent attentional capture. In Experiments 1 and 2, the target-defining feature modulated the capture of attention, since cuing effects in M RT were larger for target-relevant cues than for target-irrelevant cues. In Experiment 3, the cuing effects were the same magnitude for color cues and onset cues when the target was a variable color singleton. The results are consistent with top-down attentional control moderating the shifting of attention toward salient stimuli.
The important results came from the ex-Gaussian analyses, which examined how top-down control influenced the shift and skew of RT distributions for validly and invalidly cued targets. Across experiments, cuing effects in M RT were found to be due to distribution shifting (μ), not skewing (t). In Experiments 1 and 2, the cue/target similarity × cuing effect interaction in M RT was driven by a similar interaction in μ and no interaction in t, suggesting that contingent attentional capture reflects differences in distribution shifting between target-relevant and target-irrelevant cues. This can be seen in the cuing effects in μ, which were similar to the cuing effects in M RT and were absent in t. The vincentile analyses support this, because cuing effects did not change across response latency for target-relevant and targetirrelevant cues. In short, top-down modulation on the cuing effects was due to distribution shifting, not skewing.
One odd result was in Experiment 3, in which both μ and t seemed to contribute to the null cue type × cue validity interaction in M RT . As was mentioned, it is likely that the cuing effect in t and the smaller cuing effect in μ for onset cues in Experiment 3, relative to Experiments 1 and 2, was a type I error driven by 2 subjects with onset cuing effects in μ that were at least two standard deviations below the mean. As such, the cuing effects in M RT in Experiment 3 also seemed to reflect a distribution shifting effect, not a skewing effect.
The contingent orienting hypothesis assumes that the cue/ target similarity × cuing effect interaction in M RT reflects topdown control exerting its influence prior to selection and seems to predict the interaction in M RT is driven by μ, not t. In contrast, the disengagement account assumes that the cue/target 
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Onset C ue Fig. 6 Quantile plots for the color cue and onset cue conditions. The solid line is the valid cue condition, and the dotted line is the invalid cue condition. Error bars are 95 % confidence intervals based on the within-subjects error term (Equation 2, Hollands & Jarmasz, 2010) similarity × cuing effect interaction in M RT reflects top-down control exerting its influence after a salient cue captures attention. Hence, the disengagement account would seem to predict that the interaction in M RT is driven by t, not μ, with the influence of t counteracting the influence of μ for targetirrelevant cues. The ex-Gaussian analyses clearly show that the cue/target similarity × cuing effect interaction in M RT in Experiments 1 and 2 was driven by μ, not t, and that cuing effects in μ mimicked those in M RT , whereas cuing effects were absent in t. Thus, the results support the contingent orienting hypothesis and suggest that top-down modulation of attentional capture occurs prior to selection of salient stimuli, not after selection. Why does the contingent orienting hypothesis predict contingent capture effects to reflect differences in distribution shifting? The hypothesis assumes that top-down control will influence a single operation at a single point in timethat is, attention shifting toward a salient item. Stated differently, the hypothesis does not assume that top-down control exerts an influence on selective attention over time or after attention has been captured during a trial; rather, it assumes that top-down control exerts an influence before selection and before attention can be captured. If attention shifts toward a target's location in response to a cue, as with target-relevant cues, this facilitates overall responding and translates to a leftward shift in the RT distribution for valid cues. If attention does not shift toward a cue, as with targetirrelevant cues, selection does not occur, and there is no difference in processing targets preceded by valid cues or invalid cues. Thus, there should be no shifting or skewing of the RT distribution following target-irrelevant cues.
A similar question is why the disengagement account predicts both shifting and skewing to underlie contingent attentional capture effects. The disengagement account assumes that top-down control exerts its influence after attention has been captured; thus, two processes operate over time. First, a salient cue elicits a shift of attention toward its location. Second, if the cue is target irrelevant, the capture of attention is followed by a disengagement of attention. Because the two processes occur at different points over time, intuitively, these should influence different portions of an RT distribution: Attentional capture may influence μ, and disengagement may influence t. It may also be that the disengagement of attention away from a cued location slows responding to a target at that same location, similar to an inhibition-of-return effect. This would increase skew in the valid cue condition, relative to the invalid condition (t Valid > t Valid ), because an increase in the longer RTs is more likely following valid cues. In either case, if the account is correct, t should influence the contingent capture effects, which was not the case. Similar reasoning has been used to show when more than one cognitive process is operating on word recognition. For example, Yap et al. (2006; see also Balota et al., 2008) used ex-Gaussian analyses to show when one (vs. two) process was operating on semantic priming, and Tse, Hutchison and Li (2011) recently used vincentile analyses to show that two processes contributed to negative priming (inhibition and episodic retrieval). The present study adds to these by showing that contingent attentional capture reflects differences in distribution shifting, not skewing.
Some questions remain, and new research will be forthcoming. First, the negative cuing effects observed by Belopolsky et al. (2010) were interpreted to reflect capture, followed by disengagement, but could reflect a suppression of attention from being captured. Distribution analyses could resolve the issue, with the disengagement account predicting that t will contribute to the negative cuing effects. Second, which ex-Gaussian parameters contribute to attentional capture effects in the additional singleton task? Analyses from studies conducted in my lab suggest that only μ contributes. Third, one issue in concluding that these results do not support the disengagement account is the reliance on null cuing effects in t and μ for target-irrelevant cues. Proponents of the disengagement account could postulate that null cuing effects in t and μ do not imply that the cue did not capture attention. But if a cue does capture attention, there should be an influence somewhere on an RT distribution. Finally, and related to the last point, is μ sensitive to stimulus-driven capture, and is t sensitive to disengagement? Mapping cognitive operations onto parameters is debatable (Luce, 1986) , although μ does appear to be sensitive to stimulus-driven processes and t appears to be sensitive to attention-demanding processes (e.g., Balota & Yap, 2011; Balota et al., 2008; Heathcote et al., 1991; Mewhort, Braun, & Heathcote, 1992; Ratcliff, 1979; Yap et al., 2006, among others) . Planned research will investigate the need to disengage from attention-capturing items. For example, by blocking valid and invalid cue conditions (e.g., Folk et al., 1992 , Experiments 1 and 2), the cue is a reliable predictor for where the target will and will not appear, respectively, and there is a need to disengage attention from invalid cues. Thus, a disengagement effect in t should be revealed in the invalid condition. The issue is that with 100 % valid or invalid cues, shifts of attention toward a cue would not necessarily be involuntary, as with cues that are unreliable predictors of the target's location.
Conclusions
This study replicated the finding that target-defining features moderate cuing effects. Distribution analyses showed that the pattern of contingent attentional capture was driven by the μ component of an ex-Gaussian function, not by t. This indicates that differences in distribution shifting, not skewing, are responsible for contingent attentional capture in M RT . The results support Folk et al.'s (1992) contingent orienting hypothesis, which states that top-down modulation occurs prior to selection of salient stimuli. The results do not support the attentional disengagement account, which asserts that attentional settings modulate when attention will be disengaged from an attention-capturing item (Belopolsky et al., 2010; Theeuwes, 2010; Theeuwes et al., 2000) . This study points to the utility of analyzing both central tendency and RT distributions in attention-related studies, since specific predictions from competing hypotheses can be entertained, which may not be possible by relying on measures of central tendency alone. Response Time (ms) Probability Density Probability Density Probability Density Probability Density Fig. 9 Fits of the ex-Gaussian function to the data from Experiment 3, as a function of cue type and cue validity
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